Summary.-Cell-surface markers were investigated in 7 patients with giant-cell tumours and 30 patients with other tumours as controls. 28-55% of mononuclear cells in giant-cell tumours showed immunoglobulin-mediated phagocytosis. These phagocytic cells showed rapid adherence, trypsin resistance and potent nonspecific esterase activity. Thus, giant-cell tumours contained considerable numbers of macrophages with typical characteristics and functions.
DESPITE extensive investigation, the origin and nature of the giant cells in giant-cell tumour of bone has not been completely elucidated. A considerable body of evidence now suggests that giant cells, including osteoclasts (Fischman & Hay, 1962; Jee & Nolan, 1963; Gothlin & Ericsson, 1973) and inflammatory giant cells (Gillman & Wright, 1966; Mariano & Spector, 1974; Chambers, 1978) are formed by the fusion of uninucleate macrophages and the fusion of stromal cells has been postulated for the formation of giant cells in giant-cell tumour of bone (Jaffe et al., 1940; Schajowicz, 1961; Hanaoka et al., 1970) .
Most mammalian solid tumours contain cells with the properties of macrophages (Evans, 1972; Wood & Gillespie, 1975; Kerbel et al., 1975; Szymaniec & James, 1976) and "tumour-associated macrophages" have been reported in certain human tumours (Alexander et al., 1976; Wood & Gollahon, 1977) . Electron microscopy (Hanaoka et al., 1970) and the EA rosetting technique of frozen sections (Wood & Gollahon, 1977) have also suggested the presence of macrophages in human giant-cell tumour of bone.
The term "macrophage" has been defined as a cell with the functional capacity for phagocytosis. In this report we have used cell surface markers, the ability to phagocytose by immunological and non-immunological means and cytochemistry to identify and quantify the macrophage content.
MATERIALS AND METHODS
Tumours. Material was obtained from 7 patients with giant-cell tumours of bone (Table I) and from 30 patients with other types of bone or soft-tissue tumours (Fig. 5 (Aisenberg & Bloch, 1972 Cytochemical detection of nonspecific esterase activity. Culture cells were tested for the presence of a nonspecific esterase activity by the method of Yam et al. (1971) . Briefly, cells were fixed in a buffered formalin-acetone mixture, and incubated for 45 min in a nonspecific esterase-staining solution. The slides were then counter-stained wvith 1 % methyl green.
Membrane immunof uorescence. To detect tumour-associated antigens on membranes of cultured tumour cells the method of Byers et al. (1975) w%as used. Briefly, tumour cells wvere seeded on to coverslips, washed and incubated in autologous serum for 30 min at room temperature in Petri dishes. The coverslips were then washed with PBS, overlaid with fluorescein-conjugated rabbit antihuman Ig serum and incubated for 30 min. and rewashed. The specimens wvere examined by fluorescence microscopy. Demonstration that anti-human Ig blocked the reaction served as a control.
Histology. Tumours were fixed in 10% formalin and paraffin-embedded. Sections were routinely cut at 5 ,um and stained with haematoxylin and eosin. Clinical features of patients with giant-cell tumours of bone The age of the patients at the time of operation ranged from 14 to 51 years. Of the 7 patients, 6 were male and I female. Four of the 7 tumours were located about the knee, either in the distal femur or in the proximal tibia. One each was located in the iliac bone, proximal radius and the proximal humerus (Table I) . Metastasis was not found in any patient.
Histological appearance of specimens
In H-&-E-stained sections, numerous giant cells were interspersed in the stromal cells, and presented the characteristic histological appearance of giantcell tumour. The giant cells had abundant cytoplasm and from a few to several dozen nuclei. Their nuclei were of regular size, relatively hypochromatic with inconspicuous nucleoli, and were very like those of the ovoid stromal cells described by Jaffe et al. (1940) . Two types of stromal cell were found: (a) round or ovoid cells with round nuclei and scanty chromatin and only 1-2 nucleoli, and (b) spindleshaped hyperchromatic cells.
EA rosette-forming test (Fig. 1) . The remainder were identified as polymorphonuclear leucocytes (PMN) (Fig. 1) , which never exceeded 20% of the total mononuclear-cell population.
Multinucleated giant cells totalled 7-12%
of the total number of nucleated cells.
Lymphocytic surface-marker-bearing cells As monocytes, macrophages, PMN, marrow-derived lymphocytes (B cells) and activated thymus-derived lymphocytes (T cells) bear receptors for IgG -Fc (Huber & Holm, 1975; Henson, 1969; Dickler, 1976) , a more exact quantification of lymphocytes was carried out with spontaneous SRBC rosette formation as a T-cell marker, and cell-surface immunoglobulin as a B-cell marker. T cell tumours, and B cells were 2% or less of the total. Total numbers of lymphocytes as determined by cell-surface-marker techniques were much the same as the number of non-phagocytic Fc receptorbearing cells (Table III) .
Resistance to detachment by trypsinization 
Cytochernistry
Alpha-naphthyl-acetate esterase (nonspecific esterase) is considered to be peculiar to monocytes and macrophages (Yam et al., 1971) . Almost all the trypsin- resistant cells contained this enzyme (Table IV) . Giant cells in giant-cell tumour showed strong nonspecific esterase activity (Fig. 2) . Giant cells in solitary and aneurysmal bone cysts were also strongly positive.
Cytology of tumnour cells in culture
Cultures of giant-cell tumours in Petri dishes contained cells of 2 types. First, oval adherent cells displaying EA-rosette formation, immunological and nonimmunological phagocytosis and nonspecific esterase activity, and second, spindle-shaped or plump cells without these characteristics (Figs 3, 4 (Fig. 4) . reactant and fluorescein-conjugated rabbit WVhen seeded cells in Petri dishes were anti-human immunoglobtilin serum as the exposed to trypsin and the detached cells final reactant, were carried out on the removed, the adherent cells did not EA-rosette test showed that 28-55% of the total mononuclear cells were phagocytic Fc receptor-bearing cells. Immunological phagocytosis is widely considered to be mediated by macrophages (Rabinovitch, 1967) or by polymorphonuclear leucocytes (Mantovani, 1975) . As the proportion of PMN in our preparations was only 2% or less of the total mononuclear cells, it is reasonable to claim that virtually all the phagocytic Fe receptor-bearing cells were mononuclear macrophages.
The criteria suggested by Evans (1972) were used for the identification and characterization of tumour macrophages. Four of the criteria rapid adherence of mononuclear cells of macrophage type, resistance to detachment by trypsinization, immunological and non-immunological phagocytosis were satisfied, but we were unable to include the 5th (lysis by antimacrophage serum) because antihuman-macrophage serum was not available. Most trypsin-resistant cells showed strong nonspecific esterase activity. It was concluded that giant-cell tumours of bone contained large numbers of typical macrophages.
It is now generally thought that multinucleated giant cells are formed by the fusion of macrophages (Spector & Mariano, 1 975; Gothlin & Ericsson, 1976; Chambers, 1978) and it could well be that the characteristic cell of the giant-cell tumour has a similar origin. Further, the strong nonspecific esterase activity in giant cells. an activity peculiar to macrophages, also seems to support this idea. In our cytochemical studies however, we could not distinguish giant cells in giant-cell tumours from those in other lesions.
The question whether the macrophage content of giant-cell tumours of bone arises from normal cells of host origin and are therefore non-neoplastic remains unanswered. We looked for a tumourassociated antigen by indirect immunofluorescence (Byers et al., 1975) and demonstrated fluorescence only in the spindle-shaped cells. Byers et al. (1975) reported that these spindle-shaped cells, which comprised about 40%o of the stromal cells, were malignant. Others also considered that the neoplastic element of giant-cell tumours of bone originated from the fixed mesenchymal tissues (Stewart, 1922; Jaffe et al., 1940; Schajowicz, 1961) . Neoplastic cells of certain lymphoproliferative diseases bear a resemblance to macrophages, as in monocytic leukaemia (Koziner et al., 1977) and Hodgkin's disease (Kaplan & Gartner, 1977) but it is extremely unlikely that these neoplastic cells are in fact macrophages. In conjunction with the now generally accepted view that macrophages are derived from circulating monocytic precursor cells arising from haemopoietic stem cells in the marrow (Caffrey et al., 1966; Leibovich & Ross, 1975; van Furth et al., 1975; Chambers, 1978) and the origin of giant cells mentioned above, wN,e surmise that the macrophages of giant-cell tumours of bone are of host not tumour origin, although admittedly we have not clarified the function of these macrophages. 207 Although cooperation with T lymphocytes is required for immunologically specific cytotoxicity (Alexander et al., 1976) , it has recently been shown that activated macrophages are nonspecifically cytotoxic to tumour cells (Keller, 1974) , that "armed" macrophages specifically kill tumour cells (Evans & Alexander, 1972) and that macrophages are the effector cells of antibody-dependent cellmediated cytotoxicity (Zighelboim et al., 1973; Dennert & Lennox, 1973) . Eccles & Alexander (1974) have reported that highly antigenic tumours with abundant macrophage content rarely metastasize, whereas tumours with low macrophage content frequently do so. A regulatory role of tumour growth and metastasis by macrophages has been also suggested by Wood & Gillespie (1975) . But the influence of the macrophage population of giantcell tumours of bone remains unproven. Chambers (1978) suggests that the tumour osteoclasts arise from mononuclear phagocytes that are reacting to abnormal bone matrix, but no such material was seen in our histological preparations.
The hypothesis that macrophages and tumour-associated giant cells are a nonneoplastic component of the host response in giant-cell tumour of bone could be put to further tests by examining trypsinresistant adherent and non-adherent cells for their capacity to induce neoplastic lesions in appropriate animal models .
